ABSTRACT
leads to satisfactory outcome. [2] However, the elderly are increasingly likely to choose a more active and independent lifestyle, requiring increased limb function. As a result of which, comprehension of nonsurgical and surgical treatment is evolving, with recently developed methods of fixation. [3, 4] Redisplacement is a risk of conservative treatment of distal radius fractures, because parking position accuracy is sometimes impossible to attain. Subsequently, the opportunity to perform early postoperative functional exercise may be lost, resulting in likelihood of wrist ankylosis and limited activity. A trend toward selection of open reduction and internal fixation has been identified. [5] Using diverse document retrieval systems, many meta-analyses of external fixation vs internal fixation for distal radius fractures were found that identified significantly better functional outcome of internal fixation. [6] [7] [8] Only one meta-analy-
INTRODUCTION
Distal radius fractures are one of the most common types of fractures, and the pediatric and elderly populations are at greatest risk. [1] Most distal radius fractures can be treated by closed reduction and plaster immobilization, which often sis supported the use of external fixation. [9] Choices of treatment have been compared in many randomized controlled trials (RCTs). However, these have lacked systemic evaluation.
In order to clarify whether internal fixation is superior to conservative treatment of distal radius fractures, in terms of functional outcome and on the basis of new evidence, the present meta-analysis was conducted, incorporating reports of all relevant RCTs available in Chinese or English. Sub-group analyses were presently performed on the basis of range of motion and radiological outcome.
MATERIALS AND METHODS

Search Strategy
Reports of studies were retrieved (from the earliest records available to those dated August 1, 2014) from the PubMed, Cochrane Library, EMBASE, BIOSIS, Ovid, CNKI, and Wanfang Data databases, as well as manually. The following search terms were used: (distal radial fractures or distal radius fractures or fracture radius or fractures radius or fractures of distal radius or Colles' fractures or Smith's fractures or wrist injuries) and (internal fixation or plate or plating or percutaneous pinning or percutaneous crossed-pin fixation or percutaneous pin fixation) and (conservative treatment or plaster cast or casting). The search was limited to human subjects and RCTs published in Chinese or English.
Inclusion and Exclusion Inclusion Criteria
Studies were considered acceptable for inclusion if they met the following criteria: (1) population, patients with unstable distal radius fracture that had occurred less than 14 days previously or axial compression >2 mm or dorsal angulation >20°, (2) study design, randomized controlled trials, (3) comparison intervention, internal fixation vs conservative treatment for distal radius fractures, (4) outcome measures, clinical results, radiological outcomes, and complication.
Exclusion Criteria
Trials were excluded if they (1) were abstracts, letters, or meeting proceedings, (2) used repeated data or the data could not be obtained by calculation, and (3) if original documents of experimental design were not precise.
Data Extraction and Outcome Measures
Inclusion decisions were independently made by 2 authors according to eligibility criteria, and were recorded on a specially developed form. Differences in opinion between authors were resolved by discussion, and a third author was consulted if necessary. The following data were recorded for each study (1) first author's name, methods of treatment, gender distributions, average age, duration of follow-up, year of publication, country of origin, revised Jadad score, (2) wrist range of motion (wrist flexion and extension, forearm pronation, and supination, and radial and ulnar deviation), (3) grip strength, (4) radiographic parameters of dorsal angulation, radial length, radial inclination, and ulnar variance, (5) rates of complications, etc.
Risk-of-Bias Quality Assessment and Quality Scoring
Risk-of-bias assessment was performed in accordance with guidelines outlined in the Cochrane Handbook for Systematic Reviews of Interventions (version 5.0), with the Cochrane Collaboration's tool for assessing risk of bias. Studies were classified using 3 categories, as follows: yes (low risk of bias; all criteria met), unclear (moderate risk of bias; 1 or more criteria partly met), and no (high risk of bias; 1 or more criteria not met). Each RCT was independently assessed by 2 reviewers. Any disagreements were resolved by discussion and consensus.
Quality scoring for each trial was performed using modified Jadad scale, an 8-item scale designed to assess randomization, blinding, withdrawals and dropouts, inclusion and exclusion criteria, adverse effects, and statistical analysis. No: 0.
[10]
The score of each article ranged from 0 (lowest quality) to 8 (highest quality). Scores of 4-8 denoted good to excellent quality, and 0-3 denoted poor to low quality.
Statistical Analyses
Data were independently entered into the Review Manager (RevMan) meta-analysis software program (version 5.0; Cochrane Collaboration, London, UK) by 2 authors. Relative risk (RR) was used as the summary statistic for dichotomous outcomes, and weighted mean difference was used for continuous outcomes, both with 95% confidence interval (CI).
A fixed-effects model was used when there was no statistical evidence of heterogeneity; otherwise, a random-effects model was used. If presence of heterogeneity was found, it was indication that study population, treatment, outcome measures, and methodologies should be checked to determine the source of heterogeneity. If it could not be quantitatively synthesized, or event rate was too low to be measured, it was indication that this should be described in qualitative evaluation. Publication bias was assessed using funnel plots.
RESULTS
Studies Included in Meta-Analysis
A total of 469 potentially eligible studies were identified by the database. After browsing by title, then reading the abstract and the entire text, 10 published studies met all inclusion criteria and proved eligible for the present investigation. These studies collectively included 653 patients (340 of whom received conservative treatment, and 313 of whom received internal fixation). In the present meta-analysis, 7 studies were reported in English and 3 were reported in Chinese, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and 9 studies included only adult patients (Fig. 1 ).
Quality was evaluated using modified Jadad score, the total score of which was 8 points. Studies that received 3 points or fewer were considered low-quality (level B), and those that received 4 points or more were considered high-quality (level A). Seven studies qualified as level A, and 3 qualified as level B. Risk-of-bias analysis revealed that all trials were of medium risk of bias (Fig. 2) .
Meta-Analysis Meta-Analysis of Clinical Results
Data for flexion, extension, pronation, supination, and radial and ulnar deviation were pooled among 3 studies. Analysis of the data revealed no significant difference in range of motion, but pronation was significantly better among patients who received conservative treatment (flexion MD=0.52, 95% CI= -2.52-3.55, p=0.74; heterogeneity p=0.28, I2=22%; exten-Yu et al. Internal fixation vs conservative treatment for displaced distal radius fractures 3) .
Grip strength was reported in 2 studies that were found to be statistically heterogeneous (p=0.08, I2=67%), and a random-effects model was used. Meta-analysis showed that no statistically significant between-group difference in grip strength was found (MD=1.58, 95% CI= -2.24-5.93, p=0.42).
Meta-Analysis of Radiological Outcomes
Dorsal angulation was reported in 4 studies (heterogeneity p<0.00001, I2=99%). A random-effects model was used and suggested that there was no significant difference in dorsal angulation between the treatment groups (MD= -2.56, 95% CI= -8.64-3.51, p=0.41). Radial length was reported in 3 studies, and a random-effects model suggested that radial length of the conservative treatment group was longer than that of the internal fixation group (MD=2.62, 95% CI=1. (Fig. 4) .
Meta-Analysis of Complications
Data on rate of complications were pooled from the 10 studies found to be statistically heterogenous (p=0.47, I2=0%). A fixed-effects model suggested that there was no significant between-group difference in rate of complications (RR=1.18, 95% CI=0.82-1.70, p=0.37). Complex regional pain syndrome was one of the most frequently reported complications, and no significant between-group difference was found (RR=0.54, 95% CI=0.18-1.63, p=0.27; heterogeneity p=0.70, I2=0%). Infection was one of the other most frequently reported complications, and no significant between-group difference was found (RR=4.17, 95% CI=0.91-19.13, p=0.07; heterogeneity p=0.99, I2=0%) (Figs. 5-7 ).
Publication Bias
Some quality scoring was low, which made publication bias a concern. However, in the process of selecting literature and extracting data, the meta-analysis was in strict accordance with relevant requirements. Funnel plot analysis revealed no evidence of publication bias (Fig. 8) .
DISCUSSION
Pooled results with significant heterogeneity from the present meta-analysis of 10 RCTs suggested that patients undergoing conservative treatment for distal radius fractures had better restoration of pronation, but shorter restoration of radial length. Wrist range of motion other than pronation, grip strength, radiographic parameters other than radial length, and rate of complication were not found to be significantly different between the 2 treatments.
In spite of the frequent incidence of distal radius fractures, optimal treatment remains controversial. [21] Zyluk A et al. [22] concluded that conservative treatment of distal radius fractures should be confined only to non-or minimally-displaced fractures, and that all other patients with exceeding acceptable dislocation were candidates for surgery. Some authors concluded that best treatment option is dependent on type of fracture, extent of metaphyseal comminution, quality of the bone, and the medical condition of the patient. [23] Others concluded that conservative treatment remains the safest option in most cases. [24] In the present meta-analysis, no significant difference between internal fixation and conservative treatment were found. It was presently concluded that closed reduction and plaster immobilization are the best treatment of distal radius fracture. Nonetheless, surgical treatment is recommended if fracture redisplacement has occurred. [25] At the same time, the authors believe that a scoring system is a valuable decision-making tool. [26] Distal radius fractures are the most common fracture of the upper extremity and cause variable disability.
[27] Evaluation of treatment options is in dispute. Some clinicians believe that ulnar variance and volar tilt are the most important radiographic parameters to be restored, in order to obtain good functional outcome, and that small variations in other radiographic parameters seem not to affect the final outcome in short-term follow-up. [28] The ability of volar locked plating to restore and maintain ulnar variance and volar tilt decreases in more complex fracture types. [29] Treatment of unstable distal radius fractures with volar locked plating and without additional bone graft leads to good fracture reduction without significant secondary displacement. [30] However, Lutz K et al. found that elderly patients with distal radius fractures who underwent surgery had higher rates of complication than those nonsurgically treated. [31] Approximately 2% of patients sustained complication within 30 days following open reduction and internal fixation. [32] Nevertheless, results of the present meta-analysis suggested that there were no significant differences in complication rates between the internal fixation groups and the conservative treatment groups. Regardless of the method of reduction and stabilization, early restoration of wrist function is the goal of distal radius fracture treatment.
Several potential limitations may have affected the present meta-analysis. Ten RCTs were included, but 3 were of low quality (Jadad score <4). The number of cases was small, with a lack of adequate data for analysis. Second, the meta-analysis did not reveal differences in effects specific to fracture type or patient age, due to the limited number of trials. Finally, the performance of activities of daily living, vocational function, and economic impact parameters were not presently discussed, due to lack of reported data.
Generally speaking, the present results are reliable, in spite of the limitations. Clinical differences among patients who received internal fixation and those who received conservative treatment were very slight, although an increase in distal ra- dius fracture incidence and number of surgeries has been reported. [33, 34] Further verification in higher-quality trials is warranted. In such future studies, long-term outcomes should be more carefully considered, more detailed information regarding fracture type should be provided, and explicit concerns regarding patient age should be taken into consideration.
Conclusions
Very little clinical difference was found between patients who underwent internal fixation and conservative treatment for displaced distal radius fractures. Optimal choice of treatment must depend upon concrete conditions.
